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PREFACE 

This  study  is  part  of  a  broad  program  of  research  by  the  Science  and 
Education  Administration  on  the  problems  of  shipping  and  marketing  agricultural 
products  overseas.   Specifically  the  object  of  this  report  is  to  compare  sev- 
eral quality  factors  of  grapefruit  exported  to  Europe  from  various  countries. 

The  following  companies  in  Rotterdam,  the  Netherlands,  are  acknowledged 
for  donating  grapefruit  for  the  study:   Velleman  en  Tas  B.  V.,  J.  van  den 
Brink  B.  V.,  Jac.  van  den  Berg  B.  V.,  Algemene  Vruchten  Import  Maatschappij 
B.  V.,  Citronas  B.  V.,  and  Internationale  Fruit  Maatschappij  B.  V.   The 
cooperation  of  the  Citrus  Marketing  Board  of  Israel  and  the  South  African 
Co-operative  Citrus  Exchange  Ltd.  is  appreciated. 

Special  credit  is  due  Bernard  T.  Weinland,  biometrician,  Biometrical  and 
Statistical  Services  Staff,  Science  and  Education  Administration,  Beltsville, 
Md. ,  for  analyzing  the  data. 

The  research  was  done  under  the  general  supervision  of  Philip  L.  Breakiron, 
Chief,  Transportation  and  Packaging  Research  Laboratory,  Science  and  Education 
Administration,  Beltsville. 
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QUALITY  OF  GRAPEFRUIT  IMPORTED 
INTO  WESTERN  EUROPE 


By  Ben  M.  Hillebrand,  Lawrence  A.  Risse,  and  Anton  J.  Bongers-i/ 


ABSTRACT 

The  variation  of  three  physical  and  three  chemical  characteristics  of 
fresh  'Marsh  Seedless'  and  'Ruby  Red'  grapefruit  imported  into  Western  Europe 
from  various  origins  was  studied  in  1974.   These  characteristics  included 
fruit  size,  fruit  weight,  rind  thickness,  juice  volume,  total  soluble  solids, 
and  total  acid.   The  juice-to-fruit-weight  ratio  and  solids-to-acid  ratio  were 
calculated  from  the  individual  factors.   Considerable  differences  between  these 
characteristics  by  country  of  origin  were  found. 

Significant  statistical  findings  were  as  follows: 

-  In  comparing  fruit  size  per  given  count,  Marsh  Seedless  grapefruit 
from  Cyprus  and  Israel  was  larger  than  fruit  from  other  origins. 

-  Marsh  Seedless  grapefruit  from  the  Northern  Hemisphere  was  most 
often  heavier  than  grapefruit  from  the  Southern  Hemisphere. 
Little  difference  in  weight  was  found  in  the  Ruby  Red  cultivar. 

-  Marsh  Seedless  fruit  from  Florida  had  the  thinnest  rind  and  from 
Brazil  the  thickest. 

-  Florida  Marsh  Seedless  and  Ruby  Red  fruit  generally  had  the 
highest  juice-to-fruit-weight  ratio,  with  Honduras  ranking 
second. 

-  The  highest  percentage  of  total  soluble  solids  was  found  in 
Marsh  Seedless  fruit  from  Cyprus. 

-  Marsh  Seedless  and  Ruby  Red  grapefruit  from  Florida  had  the  lowest 
percentage  of  total  acid  compared  with  fruit  from  other  origins. 


—'Food  technologist,  agricultural  economist,  and  agricultural  research 
specialist,  respectively,  European  Marketing  Research  Center,  Science  and 
Education  Administration,  Rotterdam,  the  Netherlands.   Lawrence  A.  Risse  is 
now  stationed  at  the  U.S.  Horticultural  Research  Laboratory,  Science  and 
Education  Administration,  Orlando,  Fla.  32803. 


-  Marsh  Seedless  grapefruit  from  Florida  and  Surinam  had  the  highest 
solids-to-acid  ratios  compared  with  fruit  from  other  origins.   Florida 
Ruby  Red  fruit  had  the  highest  solids-to-acid  ratio. 

-  Correlation  analyses  were  used  to  evaluate  the  data. 

INTRODUCTION 

In  1973,  the  population  of  Western  Europe  was  373  million  people,  of  which 
256  million  were  living  in  the  European  Economic  Community  (EEC)  countries 
(_2) .  27  Ihe  consumption  and  therefore  the  demand  for  grapefruit  have  been 
increasing  yearly  within  the  EEC. 

In  1974,  the  imports  of  fresh  grapefruit  into  the  EEC  totaled  337,353 
metric  tons  from  at  least  26  countries  of  origin  (table  1).   The  five  countries 
that  exported  the  largest  quantities  of  fresh  grapefruit  into  the  EEC  countries 
were  Israel,  South  Africa,  Cyprus,  the  United  States,  and  Argentina.   In  1974, 
the  United  States  exported  26,043  metric  tons,  which  represented  7.7  percent  of 
the  total  imports  into  the  EEC.   In  1975,  it  exported  52,985  metric  tons,  which 
represented  13.3  percent  of  the  total  imports  into  the  EEC.   Imports  from  all 
countries  of  origin  increased  17.8  percent  in  1975  as  compared  with  1974.   The 
Netherlands  imported  34,870  metric  tons  of  grapefruit  in  1974  (table  1),  of 
which  23,000  metric  tons  were  sold  through  the  Rotterdam  Citrus  Auction,  the 
Netherlands  (2_)  . 

The  EEC  Commission  does  not  have  quality  standards  for  fresh  grapefruit  in 
its  regulations  (1)  on  common  quality  standards  for  citrus  fruits.   The  EEC 
members  have  voluntarily  accepted  as  an  advice  standard,  Standard  No.  7  of  the 
Organization  for  Economic  Cooperation  and  Development,  in  which  quality  stand- 
ards for  fresh  grapefruit  are  included  (8).   However,  this  standard  is  not  used 
by  the  inspection  services  in  the  member  countries  and  is  therefore  not  binding. 

Most  exporting  countries  promote  their  fresh  grapefruit  by  claiming  that 
it  has  the  highest  quality  or  is  the  sweetest  or  the  juiciest.   Some  grapefruit 
is  grown  under  climatic  conditions  that  promote  wind  scarring  and  other  surface 
blemishes,  but  these  do  not  affect  the  internal  quality.   Also  insect  and  snail 
damage  to  the  peel  does  not  affect  internal  characteristics. 

Harding  and  Fisher  (4)  studied  the  seasonal  changes  in  Florida  grapefruit 
and  the  effects  of  lead  arsenate  spray  on  the  composition  and  quality  of 
'Marsh'  and  'Duncan'  grapefruit.   Long  et  al.  (6^,  7)    reported  on  variations 
in  quality  of  Florida-grown  Duncan  grapefruit  and  of  Marsh  grapefruit.   Rygg 
and  Getty  (9)  reported  on  the  seasonal  changes  in  Arizona  and  California  grape- 
fruit. 

The  objective  of  this  study  was  to  determine  the  extent  of  variation  in 
three  physical  and  three  chemical  characteristics  in  the  quality  of  fresh 
grapefruit  imported  into  the  EEC  countries  from  various  origins. 


—'Underlined  numbers  in  parentheses  refer  to  Literature  Cited  at  the  end 
of  this  report. 
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MATERIALS  AND  METHODS 

Grapefruit  samples  were  collected  randomly  by  U.S.  Department  of  Agri- 
culture personnel  from  lots  displayed  at  the  Rotterdam  Citrus  Auction. 
Collections  were  made  only  on  auction  days,  which  were  generally  twice  weekly, 
from  the  first  of  January  to  the  last  of  December  during  1974.—'   The  samples 
of  fruit  displayed  at  the  auction  were  selected  by  a  nonpartisan  body  from  the 
lots  to  be  sold.   (As  of  1975,  the  samples  displayed  were  selected  by  the 
importers.)   Each  lot  or  shipment  was  sampled  only  once  for  this  study.   If  a 
particular  lot  had  been  sampled  the  previous  week,  samples  were  not  taken  again. 

A  five-fruit  sample  of  every  size,  larger  than  indicated  count  30,  was 
obtained  from  every  country.   This  is  a  standard  sample  as  described  by  Soule 
et  al.  (10) .   A  total  of  814  samples  were  collected  from  13  countries  of  origin. 
The  samples  from  the  United  States  were  further  broken  down  into  those  from 
California,  Florida,  and  Texas,  totaling  15  points  of  origin.   The  814  samples 
were  classified  into  the  cultivars  Marsh  Seedless  and  Ruby  Red  in  addition  to 
pink  cultivars.   Since  the  number  of  samples  of  pink  grapefruit  was  very  small, 
their  data  were  deleted  from  statistical  analyses,  as  well  as  data  of  fruit 
samples  from  Cuba,  Mexico,  Texas,  and  Trinidad,  leaving  11  points  of  origin. 
For  the  same  reason,  data  from  certain  indicated  counts  also  were  deleted  from 
the  statistical  analyses,  leaving  713  samples  of  the  cultivar  Marsh  Seedless 
and  53  samples  of  the  cultivar  Ruby  Red. 

The  following  data  were  determined  for  each  sample: 

Fruit  size:   The  diameter  of  each  fruit  was  measured  to  the  nearest 
millimeter  at  the  equator. 

Fruit  weight:   The  total  weight  of  the  five-fruit  sample  was  determined 
to  the  nearest  gram. 

Rind  thickness :   The  thickness  of  the  rind  was  measured  to  the  nearest 
millimeter  between  section  membranes  after  cutting  transversely  at  the  equator. 

Juice  volume:   The  five-fruit  samples  were  juiced  with  a  Sunkist  Juice 
Extractor,  type  7.   The  juice  was  strained  through  a  1.2-mm  strainer  to 
separate  the  seeds  and  pulp  from  the  juice.   The  strained  juice  was  measured 
in  a  graduated  cylinder  to  obtain  the  juice  volume  of  five  fruits  to  the 
nearest  milliliter. 

Total  soluble  solids:   The  total  soluble  solids  were  determined  with  a 
Bausch  and  Lomb  ref ractometer ,  model  362  CD,  which  measured  from  0  to  25  per- 
cent. 

Total  acid:   Total  acid  was  measured  by  titrating  a  25-ml  juice  sample 
with  a  sodium  hydroxide  solution  to  the  phenolphthalein  end  point  and  is 
expressed  as  percent  anhydrous  citric  acid. 


J/aI though  the  research  was  conducted  in  1974,  the  findings  are  still 
valid  except  minor  variations  due  to  seasonal  changes  in  the  physical  and 
chemical  characteristics  of  the  grapefruit. 


In  addition  to  these  measurements,  the  juice-to-fruit-weight  ratio  and 
solids-to-acid  ratio  were  calculated  from  the  means  of  the  individual  factors. 
The  juice-to-fruit-weight  ratio  is  the  amount  of  juice  of  the  five-fruit  sample 
divided  by  the  weight  of  this  sample;  it  is  expressed  as  the  amount  of  juice  in 
milliliters  per  100  grams  of  fruit.   The  proportion  of  total  soluble  solids  to 
total  acid,  or  solids-to-acid  ratio,  was  calculated  by  dividing  the  percentage 
of  total  soluble  solids  by  the  percentage  of  total  acid. 

Analyses  of  variance  and  Duncan's  multiple  range  test  (_3 ) ,  modified  by  the 
method  of  Kramer  C5) ,  and  correlation  analyses  were  used  when  appropriate  to 
evaluate  the  data. 


RESULTS 

The  physical  and  chemical  characteristics  of  Marsh  Seedless  and  Ruby  Red 
grapefruit  differed  considerably  by  country  of  origin,  based  on  sampling  at  the 
Rotterdam  Citrus  Auction  (table  2). 

Florida  and  Cyprus  exported  significantly  larger  Marsh  Seedless  grapefruit 
than  the  other  countries  except  Honduras.   Marsh  Seedless  grapefruit  from 
California,  South  Africa,  and  Paraguay  was  significantly  smaller  than  fruit 
from  other  countries  except  Brazil  and  Mozambique.   Florida  exported  signifi- 
cantly larger  Ruby  Red  grapefruit  than  Argentina. 

Marsh  Seedless  and  Ruby  Red  grapefruit  from  Florida  and  Honduras  were 
significantly  heavier  than  fruit  from  all  other  origins. 

Marsh  Seedless  grapefruit  from  Florida  had  significantly  thinner  rind  than 
fruit  from  all  other  places  except  Paraguay.   Ruby  Red  fruit  from  Florida  had 
significantly  thinner  rind  than  fruit  from  Honduras. 

The  absolute  juice  volume  of  Florida  Marsh  Seedless  grapefruit  was  signif- 
icantly higher  than  that  from  all  other  origins.   Ruby  Red  grapefruit  from 
Florida  and  Honduras  had  significantly  higher  absolute  juice  volume  than  fruit 
from  Argentina. 

A  more  realistic  measure  is  the  juice-to-fruit-weight  ratio  or  the  amount 
of  juice  per  100  grams  of  fruit.  The  juice-to-fruit-weight  ratio  for  Florida, 
Honduras,  and  Paraguay  Marsh  Seedless  grapefruit  was  significantly  higher  than 
that  for  fruit  from  all  other  places,  except  the  ratio  for  fruit  from  Paraguay 
was  not  significantly  higher  than  that  from  South  Africa.  There  was  no 
significant  difference  in  the  juice-to-fruit  weight  ratio  for  Ruby  Red  grape- 
fruit. 

The  percentage  of  total  soluble  solids  and  total  acid  for  Marsh  Seedless 
grapefruit  from  Cyprus  was  significantly  higher  than  that  for  fruit  from  all 
other  origins.   There  was  no  difference  in  the  percentage  of  soluble  solids  for 
the  origins  of  Ruby  Red  grapefruit. 

The  percentage  of  total  acid  for  both  Marsh  Seedless  and  Ruby  Red  grape- 
fruit from  Florida  was  significantly  lower  than  that  for  fruit  from  all  other 
origins. 
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The  solids-to-acid-ratio  for  Florida  and  Surinam  Marsh  Seedless  grapefruit 
was  significantly  higher  than  that  for  fruit  from  all  other  origins.   Florida 
Ruby  Red  grapefruit  also  had  a  significantly  higher  solids-to-acid  ratio  than 
fruit  from  Argentina  or  Honduras. 


Fruit  Size 

The  fruit  size  in  millimeters  per  indicated  count  varied  from  country  to 
country  (table  3).   The  count  on  the  shipping  container  is  a  measure  of  the 
fruit  size.   The  sizes  of  the  shipping  containers  varied  from  origin  to  origin. 
The  citrus  industries  of  the  various  countries  had  their  own  regulations  con- 
cerning fruit  size. 

For  any  given  count,  Marsh  Seedless  grapefruit  from  Cyprus  and  Israel  was 
significantly  larger  than  fruit  from  other  origins  except  for  indicated  count 
88,  where  fruit  from  Surinam  was  larger  than  fruit  from  Israel.   Generally  the 
Marsh  Seedless  grapefruit  from  Brazil,  California,  Paraguay,  and  South  Africa 
was  the  smallest,  with  most  indicated  counts  significantly  smaller. 

Florida's  Ruby  Red  grapefruit  for  indicated  count  40  only  was  signifi- 
cantly larger  than  fruit  from  Honduras. 


Fruit  Weight 

The  fruit  weight  in  grams  for  Marsh  Seedless  and  Ruby  Red  grapefruit  by 
country  of  origin  and  indicated  count  varied  significantly  (table  4). 

In  general,  Marsh  Seedless  grapefruit  from  the  Northern  Hemisphere  was 
heavier  than  that  from  the  Southern  Hemisphere.   Marsh  Seedless  grapefruit  from 
Cyprus  and  Israel  was  heavier  per  indicated  count  than  that  from  all  other 
origins,  and  fruit  from  Brazil  and  Mozambique  weighed  the  least. 

Ruby  Red  grapefruit  from  Argentina  for  count  64  weighed  significantly 
less  than  that  from  Florida  or  Honduras. 


Rind  Thickness 

The  rind  thickness  in  millimeters  for  Marsh  Seedless  and  Ruby  Red  grape- 
fruit by  country  of  origin  and  indicated  count  is  shown  in  table  5. 

Within  counts  32,  40,  48,  and  56,  the  fruit  from  Florida  had  a  thinner 
rind,  and  within  counts  36,  40,  48,  56,  64,  and  72,  fruit  from  Brazil  had  a 
thicker  rind  than  that  from  all  other  origins,  although  many  comparisons  do  not 
show  statistical  significance. 

Ruby  Red  grapefruit  from  Florida  generally  had  a  thinner  rind  than  that 
from  Argentina  or  Honduras,  and  sometimes  the  difference  was  statistically 
significant. 


-I 


>> 

0) 

u 

t)J 

4-1 

to 

c 

u 

3 

•H 

o 

T3 

o 

C 

X 

3 

« 

c 
id 


C 
•H 
06 


cm  I  in  I  i 


ro  «f 

(N 

CO 
1   00 

sr  on 
r»  i~» 

CN 

I  oo 
oo 

X 
CD 
I  <r  on 


•a       -o  -a 
o  o  o 

■O  XI 
I  O   I   I  no  <]■  00 


I  I  I  I  I 
I  I  I  I  I 
I  I  I  I  I 


I  <r    i 

I     I   oo                   ill 

1    ro     1 

11-3-                          III 

CM 

X 

h* 

CO 

CM 
00 

CO 

en 
i^ 

0) 
T3 

-a 

I   I   I  u-i  co  oo  00 


I  tH  vO  vD  <r  vO  i— I 


NO    CN 

H  On 

<r  oo  oo 

m  on  cm 

(J 

oo  oo 

00   00 

oo  oo  r-. 

oo  r^  oo 

•H 

3 

U 

ItH 

m 

<*h 

■JNtOO\MnO\riHvOO 


o    o  u    cj    u    u 

xi  -a  jo  xa  xi 

ctj  cO 

ocoiAO>NfnHO>cof^^ 


CJCJ  CJO  CJ      U     CJ      CJ 

XI    X   X  XX  X  X 

(0  CO 

HOi-jrsCOvOnrHvOMM 


X)  XI 

CO 

■»  <r  vo 

<■  ^r  r~ 

O    OS  ON 


I    oo 

ON 


X) 
(0 
I    oo  on 

I    <•    rH 


CO 
1     CM    CO 

CO 
O     | 

CO 
1      ON 

|     CO   r- 

o  o 

-<r    l 
o 

1  s 

co 
c 

•H 
•U)  iH 
3  -H 
(11  N 
00    CO 


0) 


<U      I     ft 
3     I 


CO  CO 

co  -a  p  r-(  xi 

3  -H  3  _ 

M     M  TJ  CO    CO 

O-.   O  C  ' 

>.H  O  CO     O 


co  < 

3 

B   oo  x; 

"      CO  4J 

U  3 

CO  o 


X 
3 
04 

u-i 

CM 

CN 

CN 

ON 

CM 

ON 

CN 

ON 

X  Xl 

CO      CO 
CM   NO  ON 


<MOUd.3HS(i)(ou] 


CO 

a 

■ft  CO 

4J  -O 

C  -H 

01  M 

00  O 

M  ^ 

<  fa 


•a 

S>N 


e 

CO 


■31 


I     O   ON     I     O     I 


NO      I     -tf      I       I 


CN    (^ 

ON   NO 

on  o 


43 

cti 

m 

VD 

\0 

r-l 

CM 

r^ 

O 

r-l 

o 

X. 

o 

43 

o 

o 

o 

CM 

Q 

o 

CM 

o> 

ON 

I     I     I     I     I     i    . — I   I     I     1 

I    I    I     I    I     I   -*  I    I    I 

I       I       I       I       I       I     CM    I       I       I 


43  43 

r^  in  in  iH 

o  m  m  co 

r-  o  .H  oo 

r-4  O  ON  CM 


I  I     nO   O   NO   NO 

II  .... 

I      I    r-.  o-  -j-  cm 
m  o  m  cm 

ON    t-H   On    rH 


<f  mmoi  io-a-oococooN 

•     •     •     •    I 

H  N  ia  H  I  O  O  no  <J-  m  <f 

CO  i— i  O  CM  ON  NO  r~-  CO  00  in 

CMrHCM<T  CO  <J-  O  CN  O  CN 


X 

lti 

fl 

o 

O 

O 

O 

.< 

NO 

«tf 

ON 

i  3 

CM 

r*> 

m 

43 
bo 

•H 


3 

!-J 

01 

in 

a 

a) 

nl 

p. 

M 

B) 

CD 

U 

cti  M 

r^r^ocM~ti-<-rininOoooN 

NDincnoNv^-ONr^ONOLnr^ 

c0rHcnm-cr-*NOiHmcM-* 

r-li-li-lrHiHi-lt-lr-lr-liHi-l 


o    O  o   o    o    o 

43  42  43  43 

cti    cti    ro    cti 
CMOONONr^corocoinr^cn 


i-H 

ON 

<T 

CM 

m 

"1 

r^ 

H 

00 

ro 

CM 

rn 

CM 

00 

m 

CO 

-J 

ON 

r> 

oo 

00 

LO 

in 

CO 

m 

r^ 

CO 

|-~ 

r^ 

en 

-3- 

rO 

i'"> 

1J 

r^ 

-3-    O 

•H 

.      ■ 

3 

••r 

r~~  on 

H 

CM 

■H   CO 

l|-| 

-* 

m  m 

(1) 

•\ 

*.    * 

O- 

H 

■H    r-l 

tti 

Ij 

60 

Tl 

cl) 

m 

O    O 

Pi 

. 

•        • 

00 

CM     r-\ 

!>> 

H 

00    O 

43 

r~- 

i~»  oo 

3 

rt 

r.       * 

X 

H 

r-1     i-H 

4-1    "4-1    4-4 


>N, 

43 
& 

-a 


o 

o 

r- 

r-^ 

m 

ON 

CM 

o 

o 

CM 

lo. 

in 

f'^ 

NO 

<f 

NO 

rr 

00 

CM 

H 

m 

p~ 

i-» 

r-J 

CM 

CM 

ON 

o 

C.N 

ON 

00 

H 

m 

NO 

m 

Xi 

O 

ON 

a-. 

CM 

LO, 

lO 

no 

CO 

rlHINHHlNHHHrH 


tn 

43           43 

43 

fJ 

tti 

Cti 

cti 

Cti 

o  o  m    i 

I    m 

o 

O   -ti- 

o 

m 

M 

•     •     •    l 

1      • 

• 

•       • 

• 

;fl 

r-»  r-\  co    i 

1     CO 

rH 

in  oo 

H 

H 

m  M» 

r^ 

ON 

to  o 

CO 

CN 

o  <r  on 

H 

NO 

t-~    CN 

rH 

CM 

I    <r  on 

CM  o 


I  m  i  I  co 
i-l|. 
i    oo     l      I    ON 


.      cti 

CO    T3 

3 


-0 


-  !-t 

„    -H   U-l     3    -H  3 

a;    n  -h    t-i    M  t-j 

oo  co  ih   a  o  c 

!J    h    U    >,H  O 

<    PQ    CJ    O    fc.  ffl 


- 

cr- 
•H 
43 

a)   a 

cti  cti 
U  N 
cc    o 

M    S 


!>.  <4H 

cti  <! 
3 

00  43 
cti  U 
U  3 
cti    O 


4-1    T3 
C    -H 


3 
-J 


■3 


•H 

00 

•H 

U 

O 

c 

3 

o 

o 

a 

>> 

T3 

u 

TJ 

f*l 

c 

X 

|4 

O 

•H 

3 

M 

«] 

CO 

ai 

(U 

D. 

c 

CO 

,* 

XI    XI 

I     CM    i-H 
I         •        • 


x  X> 

nj   to 

l   in  .-I 


x> 

co 

I     O     I    -3- 
I        •     I        • 

I    •J     I    CO 


X    XI    XI 

HJ    to 

vd  oo  m 


\D    i   in  in    I   <r    I     I   -a-  -*  m 


I      I      I      I      I      I    ■*    I      I      I    O 


XI  Xi  Xi 
to  (0  to  CO 
r^  oo  in  cm 


o  cj  cj    u 

Xi  xi  Xi 

CO  to 

I    in  co  r~-  cn 


»x  r--  m  ^o    I     I     iminmin 


T3  'U  T3    ^   *U   "O 

CJ            CJ  CJ  CJ 

XI  X  XI 

CO     tO  CO 

ct>  co  a\  o  I    cm  cm  co  co  oi<r 

•     •     •  •  I 

vooomr^  I    in  x>  <r  <r  m  in 


o    cj    cj    cj 


XI  XIXiXXiXlXX>X>Xl 

CO    CO  CO  CO 

r^r^-oocMvOCNioovOO^oo 

oooinooinvxc^voc^vxc-- 


CO     CO     to  CO  co  CO  CO 

<ys  m  cm  I  I  >x  I  o  I  -d-  vc 

...  I  I  .  i  .  i  .  . 

coomo  i  i  p^  i  o>  I  vo  r^ 


XI   XI  X 

CO  to 

I    cn  in  I    vO    I 

I      .     •  I       -I 

I     M3CO  I     00       I 


CO  to 

CO   TJ  U 

3  -H  3 

D.   O  C 

^  H  O 


<    n    c_)   O   Ci,    p2    m 


£3    I 

3  CO 

oox:  c 


en   o   to   o   3 


on  r^  \0 

>j  n  CO 


l« 

X 

XI 

X 

X 

Xi 

x> 

4-1 

X 

OJ 

CO 

CO 

CO 

CO 

•H 

CO 

CO 

a 

H 

<■ 

CM 

r-i 

m 

r*. 

o 

-J 

>3- 

cr% 

XI 

3 

-a- 

o 

p^ 

CO 

U 

• 

vi 

r~ 

CO 

X> 

r» 

-* 

u-i 

r^ 

x> 

vO 

m 

m 

U-l 

m 

-a- 

m 

00 

cfl 

CO 

01 

u 

<U 

00 

.-1 

XI 

-o 

<u 

XI 

XI 

X 

XI 

X 

X 

X 

XI 

cu 

X 

X 

OJ 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

« 

co 

en 

CO 

CO 

C/3 

H 

H 

o 

«3- 

i-l 

00 

cn 

oo 

in 

<r 

^H 

>, 

CM 

co 

rH 

x 

00 

OA 

r-~ 

00 

m 

m 

r-> 

m 

p*. 

r~ 

vX 

XI 

\D 

-a- 

m 

CO 

3 

n 

« 

CO 

E 

CO 

in  h  h 
-a-  m  vo 


On      I     r-^ 

•    I     • 
in    I    in 


■h  -a- 


~£ 


10 


Juice-to-Fruit-Weight  Ratio 

The  means  of  the  juice-to-fruit-weight  ratios  by  country  of  origin  and 
indicated  count  for  Marsh  Seedless  and  Ruby  Red  grapefruit  are  presented  in 
table  6. 

For  all  counts  where  Florida  Marsh  Seedless  grapefruit  was  sampled,  it  had 
the  highest  juice-to-fruit-weight  ratio;  fruit  from  Honduras  ranked  second. 
Argentina,  Brazil,  and  California  generally  had  the  lowest  ratio. 

Ruby  Red  grapefruit  showed  only  minor  differences  in  this  ratio. 


Total  Soluble  Solids 

Percentage  of  total  soluble  solids  by  country  of  origin  and  by  month  for 
Marsh  Seedless  grapefruit  is  shown  in  table  7.   Sufficient  data  were  not  avail- 
able for  Ruby  Red  grapefruit  for  statistical  comparisons. 

From  January  through  June,  Marsh  Seedless  grapefruit  from  Cyprus  and 
Israel  had  the  highest  percentage  of  total  soluble  solids,  and  from  July 
through  December,  this  grapefruit  from  Surinam  had  the  highest  percentage. 
Marsh  Seedless  grapefruit  from  Argentina,  Brazil,  Mozambique,  and  Paraguay 
usually  had  the  lowest  percentage. 


Total  Acid 

In  table  8,  the  percentage  of  total  acid  by  country  of  origin  and  by  month 
is  shown  for  Marsh  Seedless  grapefruit.   For  Ruby  Red  grapefruit,  sufficient 
data  were  not  available  for  statistical  comparisons. 

Marsh  Seedless  grapefruit  from  Florida  had  the  lowest  percentage  of  total 
acid  for  all  months  in  which  fruit  was  sampled,  except  in  March  and  December 
when  Surinam  and  Honduras  had  the  lowest,  respectively.  Cyprus  fruit  had  the 
highest  percentage  of  total  acid  for  all  months  in  which  it  was  sampled. 


Solids-to-Acid  Ratio 

In  table  9,  the  solids-to-acid  ratio  by  country  of  origin  and  by  month  for 
Marsh  Seedless  grapefruit  is  presented.   For  Ruby  Red  grapefruit,  sufficient 
data  were  not  available  for  statistical  comparisons. 

For  Marsh  Seedless  grapefruit,  Florida  and  Surinam  generally  had  the 
highest  solids-to-acid  ratio.   This  ratio  was  due  to  a  low  percentage  of  total 
acid  and  a  high  percentage  of  total  soluble  solids.   Fruit  from  Argentina, 
Brazil,  Cyprus,  and  Mozambique  had  the  lowest  solids-to-acid  ratio. 
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Relationship  of  Various  Quality  Factors 

Table  10  gives  the  correlation  coefficients  between  the  various  quality 
factors  of  Marsh  Seedless  and  Ruby  Red  grapefruit  from  all  origins. 

For  Marsh  Seedless  fruit,  more  significant  correlations  were  found  than 
for  Ruby  Red  partly  because  of  more  samples.   However,  where  significantly 
positive  or  negative  correlations  were  found  for  Marsh  Seedless  grapefruit, 
they  were  the  same  as  those  for  Ruby  Red. 

Table  11  presents  the  correlation  coefficients  by  origin  between  the 
juice-to-fruit-weight  ratio,  the  percentage  of  total  soluble  solids,  the  per- 
centage of  total  acid,  and  the  solids-to-acid  ratio  for  Marsh  Seedless  and 
Ruby  Red  grapefruit. 

Many  significant  correlations  were  found  between  these  quality  factors  for 
Marsh  Seedless  grapefruit  from  Honduras,  Mozambique,  South  Africa,  and  Surinam 
but  only  a  few  significant  correlations  for  fruit  from  Argentina,  Brazil, 
Cyprus,  Florida,  and  Paraguay.   Where  significant  correlations  were  found 
between  the  juice-to-fruit-weight  ratio  and  the  percentage  of  total  soluble 
solids  and  the  percentage  of  total  acid,  they  were  negative  except  for  Marsh 
Seedless  fruit  from  Mozambique  and  Ruby  Red  fruit  from  Florida,  where  a  posi- 
tive correlation  was  seen. 

Between  the  juice-to-fruit-weight  and  the  solids-to-acid  ratios,  a 
significantly  positive  correlation  was  found  at  the  1- percent  level  for  Marsh 
Seedless  fruit  from  Mozambique  and  Surinam  and  for  Ruby  Red  fruit  from 
Argentina.   A  significantly  positive  correlation  was  seen  between  the  percent- 
age of  total  soluble  solids  and  the  percentage  of  total  acid  except  for  Marsh 
Seedless  fruit  from  Argentina,  Cyprus,  and  Florida  and  for  Ruby  Red  fruit  from 
Argentina  and  Florida.   Marsh  Seedless  grapefruit  had  a  significantly  positive 
correlation  between  the  percentage  of  total  soluble  solids  and  solids-to-acid 
ratio  from  all  origins  except  California,  Cyprus,  and  Surinam  and  Ruby  Red 
fruit  from  Argentina  and  Honduras.   Between  the  percentage  of  total  acid  and 
the  solids-to-acid  ratio,  a  significantly  negative  correlation  was  found  for 
all  grapefruit  except  for  Marsh  Seedless  fruit  from  Brazil,  Mozambique,  and 
Paraguay. 

DISCUSSION 

The  results  of  this  study  indicate  that  there  are  both  physical  and 
chemical  differences  in  the  characteristics  of  grapefruit  from  different 
origins.   Importers,  wholesalers,  or  retailers  can  satisfy  consumer  preferences 
or  tastes  by  buying  grapefruit  from  certain  countries  of  origin.   Exporters  or 
trade  associations  can  also  promote  their  grapefruit  according  to  the  differ- 
ences in  physical  and  chemical  characteristics. 

Generally  a  heavier  fruit  per  given  size  will  have  a  thinner  rind  and 
therefore  more  juice,  or  a  higher  juice-to-fruit-weight  ratio,  or  both.  Marsh 
Seedless  grapefruit  from  Florida  had  a  significantly  thinner  rind  than  grape- 
fruit from  all  other  origins  except  Paraguay.   Florida  and  Honduras  grapefruit 
had  a  significantly  higher  juice-to-fruit-weight  ratio  than  grapefruit  from 
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all  other  origins  except  Paraguay.   Ruby  Red  grapefruit  from  Florida  had  a 
significantly  thinner  rind  than  fruit  from  the  other  countries;  however,  there 
was  no  significant  difference  in  the  juice-to-fruit-weight  ratio  between 
origins. 

Generally  grapefruit  with  higher  solids-to-acid  ratio  is  more  palatable  or 
sweeter  than  fruit  with  lower  ratios  (4).   Grapefruit  can  have  a  high  amount  of 
total  soluble  solids,  which  is  about  80-percent  sugars,  and  also  a  high  amount 
of  total  acid  and  therefore  a  low  solids-to-acid  ratio  and  a  low  palatability. 
Marsh  Seedless  grapefruit  from  Florida  and  Surinam  had  a  significantly  higher 
solids-to-acid  ratio  than  fruit  from  other  origins.   This  grapefruit  from 
Florida  also  had  a  significantly  lower  percentage  of  total  acid  than  that  from 
other  origins  and  also  had  a  significantly  higher  percentage  of  total  soluble 
solids  than  grapefruit  from  all  other  origins  except  Argentina,  Brazil,  Mozam- 
bique, Paraguay,  and  South  Africa. 

Some  consumers  like  tart  grapefruit,  which  generally  has  a  lower  solids- 
to-acid  ratio  and  a  higher  percentage  of  total  acid.   Marsh  Seedless  grapefruit 
from  Argentina  and  Brazil  had  a  significantly  lower  solids-to-acid  ratio  than 
that  from  all  other  origins  except  Cyprus  and  Mozambique.   This  grapefruit  from 
Cyprus  had  a  significantly  higher  percentage  of  total  acid  and  total  soluble 
solids  than  grapefruit  from  all  other  origins.   Ruby  Red  grapefruit  from 
Argentina  and  Honduras  had  a  significantly  lower  solids-to-acid  ratio  and  also 
a  significantly  higher  percentage  of  total  acid  than  fruit  from  Florida,  but 
there  was  no  difference  in  the  percentage  of  total  soluble  solids. 
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